In the last few years applied electrophysiology has played an increasing part in the routine clinical work of many neurological and psychiatric centres. Combined clinical and electrophysiological observations have shown the problem of the epilepsies to be very intricate, and the study of abnormalities of cerebral function related to the initiation and spread of an epileptic seizure still largely awaits development of new techniques. The seizures which Hughlings Jackson (Taylor, 1931) classified in the uncinate group (and which more recent workers have called either "psychomotor" or "temporal lobe" epilepsy) have lately aroused an increasing interest. (The literature is reviewed in papers by Penfield and
In the last few years applied electrophysiology has played an increasing part in the routine clinical work of many neurological and psychiatric centres. Combined clinical and electrophysiological observations have shown the problem of the epilepsies to be very intricate, and the study of abnormalities of cerebral function related to the initiation and spread of an epileptic seizure still largely awaits development of new techniques. The seizures which Hughlings Jackson (Taylor, 1931) classified in the uncinate group (and which more recent workers have called either "psychomotor" or "temporal lobe" epilepsy) have lately aroused an increasing interest. (The literature is reviewed in papers by Penfield and Jasper, 1954; Hill, 1953 ; Meyers, 1954; Gastaut and others, 1953; Magnus, 1954) .
Routine clinical electroencephalography has contributed to the study of these types of seizures but only the posterior half or two-thirds of the lateral aspect of the temporal lobe may be explored with scalp electrodes. Anatomical considerations suggest that the activity of the anterior third of the temporal lobe, and particularly that of its inferior and uncal areas, cannot be satisfactorily recorded with electrodes placed on the skin (scalp or zygoma) or even in the pharynx or in the external auditory meatus.
The region of the foramen ovale appeared to be a suitable area easily reached, from which to record the activity of the anterior inferior regions of the temporal lobe. Jasper (1949) mentioned the use of needle electrodes in the region of the greater wing of the sphenoid (" ala magna " electrodes) introduced by Kristensens and Reyes (1949) . Penfield and Jasper (1954) show an x-ray picture of these electrodes introduced by the anterior approach.
The insertion of needles close to the foramen ovale with an anterior approach is, however, a rather elaborate procedure (Penman, 1953) with some risk of entering the cranial cavity through the foramen. In 1951 D. P. Jones showed to the E.E.G. Society records taken with sphenoidal needle electrodes using the lateral approach. Pertuiset and Capdevielle-Arfel (1951) and Kerridge (1952) reported on their experience with similar methods, but in all these communications the technical details and observations are scanty.
A simple and safe method with slight modification of those previously mentioned has been followed in examining our series of patients. Needle electrodes are introduced through the skin under the zygomatic arch to the vicinity of the foramen ovale. The method described here has become part of the routine investigation of cases in which on clinical or electroencephalographic (E.E.G.) grounds an " epileptogenic abnormality " of one or both temporal lobes is suspected (Hill, 1953 ; Falconer, Hill, Meyer, Mitchell, and Pond, 1955) . This paper presents a summary of our experience of 250 consecutive records obtained from 166 patients using this technique up to June, 1953. Material All patients had had previous routine E.E.G. investigations (in some as many as 15 records) over a number of years with a total of 824 records. Most of our patients (the majority being under the care of Dr. D. Hill and Dr. D. A. Pond) were selected on clinical grounds irrespective of the previous E.E.G. findings. Most of them had a history of seizures of one or more types considered to be commonly associated with abnormality of function of the temporal lobe; for example, visceral, epigastric, olfactory or gustatory aura, " dreamy states ", or sudden feelings of indescribable fear, any of which may occur either as an isolated phenomenon or else precede a momentary arrest of movement, a simple or complex automatism, or a generalized convulsion.
Other patients were investigated because their fits were facilitated by sleep or precipitated by emotion, or because speech disturbances occurred before or after an attack. In yet others, complex, organized, short-lived hallucinations had occurred or else there had been outbursts of violent behaviour with partial amnesia.
As in other epileptics the scalp E.E.G. abnorma-117 lities had been variable in site and severity over a period of time. In some instances there had been generalized E.E.G. abnormalities, in others the abnormalities were recorded mainly from one or both temporal regions. Cases with an obvious short duration spike focus outside the temporal areas were usually not re-examined with this technique unless the patient had more than one kind of attack. Patients with a history of attacks of doubtful nature either with normal or with abnormal scalp E.E.G.s were included as well as some patients who had episodes of altered behaviour either with or without alleged amnesia.
Rarely, in the present series, the indication for proceeding to a " sphenoidal recording" was based on E.E.G. findings: (1) Some non-focal abnormality over the scalp of the inferior fronto-temporal regions; (2) the presence of bilaterally synchronous runs of rhythmic 2 to 6 c./s. waves; (3) focal abnormalities with a tendency to shift about the fronto-temporal regions.
Preparation of the Electrodes and Technique of Insertion
The aim is to insert a needle electrode so that its tip lies in proximity to the foramen ovale, i.e., fairly close to the uncal region and not very far from the tip of the temporal lobe and the region of the anterior part of the hippocampal and fusiform convolutions (Fig. 1) . The technique employed is a slight modification of that commonly used for the lateral approach to the third division of the trigeminal nerve but the tip of the needle electrode should come to lie just anterior to, and below, the foramen ovale avoiding the nerve. In all cases, even though fully studied with scalp electrodes on previous occasions, a routine scalp E.E.G. was taken before the insertion of the needles. This lasted 15 to 20 minutes but usually overbreathing was omitted both to avoid the risk of a seizure or the appearance of increased muscle activity should a mild tetany be induced.
From the work of , and from personal experience, scanty E.E.G. abnormalities in the routine records may be more easily demonstrated during the effect of relatively short-acting barbiturates. Either oral quinalbarbitone (" seconal ") (194 records) or intravenous thiopentone (" pentothal ") (28) was therefore usually administered.
Sleep was always obtained with thiopentone but only 80 times out of 194 when quinalbarbitone was used. Fifty-seven patients with quinalbarbitone became drowsy without falling asleep, 28 became restless, and the remaining 29 were apparently unaffected. One of the patients who became restless abreacted and the record had to be interrupted. Quinalbarbitone was given by mouth, the capsules being repeatedly perforated with a pin to facilitate absorption. An initial dose of 3 grains was followed after 25 minutes by additional 1I grains either if no fast activity (18 to 28 c./s.) appeared in the traces or if the patient was not yet drowsy. The first dose was usually given just before the introduction of the sphenoidal needle electrodes, and recording in the appropriate arrangement began within five to eight minutes before any effect of the drug appeared either clinically or electrically so that the induced changes could be followed.
Usually a period of five minutes of ordinary recording with sphenoidal electrodes in place was allowed before beginning the injection of intravenous thiopentone solution. Thiopentone (" pentothal ") 50% solution was injected intravenously at the rate of 1 ml. a minute irrespective of body weight until the patient was deeply asleep (disappearance of corneal reflex).* The injection was then interrupted but on occasions resumed at the same rate when the patient woke up. The total amount varied from 5 to 19 ml. (0-25 to 0-95 g.) but the second dose was usually much smaller than the first. With thiopentone two patients abreacted violently and two others less dramatically. The abreaction, however, came after a period of sleep and the record was then interrupted. Two of the patients with thiopentone began to cough so much that the record had to be stopped. The first one convinced us of the possible risks (with little advantage) of using pharyngeal electrodes, particularly during intravenous injection of thiopentone.
In our first 200 records, single or bilateral pharyngeal electrodes were introduced as well as bilateral sphenoidal electrodes. Several patients complained that the pharyngeal were more uncomfortable than the sphenoidal electrodes. As no additional information appeared to be given by the pharyngeal electrodes, a single electrode either on the chin or on the tip of the nose was then used * A trolley with the equipment necessary for resuscitation and artificial respiration was kept at hand though never used.
instead as a less active electrode in a chain including the right and left sphenoidal electrodes. The effect of auditory, occasionally tactile, or visual stimuli was assessed at various depths of sleep. The patient was eventually awakened and the record continued for a few more minutes. Recording stopped when sleep was not obtained within one and a half hours after administration of quinalbarbitone. Usually before the end of the test a short exploration of the activity of scalp electrodes in other regions than the temporal ones was performed, paying attention to the amplitude and distribution of the barbiturate-induced fast activity. In all the cases when thiopentone was administered and in those without drugs about half an hour of recording gave sufficient information.
Results
Artefacts.-Artefacts were met on occasions mainly in the form of muscle action potentials, and usually disappeared after a few minutes of recording. Artefacts were rarely so troublesome as to mask the underlying activity. In over half of the cases no muscle activity disturbed the traces. Movement artefact was considerable together with muscle activity when the patient swallowed, talked, yawned, smiled, or cried. Pulse artefact was rare and was quickly corrected by pushing the needle one or two millimetres deeper. A very peculiar slow-wave artefact was met in one patient when one of the needles was probably in a small vein and a few drops of blood came out of the hollow needle. Again this was corrected by gently pushing the needle.
Normal Activity.-The activity that we consider normal as recorded with our technique from the " sphenoidal " electrodes is a low amplitude (up to 20 to 30 microvolts) mixture of waves (6 to 15 c./s.), without definite features. Often the trace appears nearly flat. The alpha rhythm is poorly represented, even when prominent over the scalp. When recognizable, it never exceeded about 30 microvolts and disappeared on opening the eyes or following a noise. Mental calculations at times increased the amount of muscle activity. In young subjects a greater amount of 4 to 7 c./s. activity than in adults was recognizable similar to that seen in scalp records from the temporal regions.
Barbiturate-induced fast activity of low amplitude (10 to 30 microvolts) could beseenfrom the sphenoidal electrodes at the time it appeared from the frontal scalp electrodes (both for oral quinalbarbitone and for intravenous thiopentone). In at least one-third of the cases after quinalbarbitone it was not recognizable at either sphenoidal electrode, but in 48 of the cases no fast activity was seen even from the scalp electrodes. Sleep changes were similar to those recorded from the scalp but sleep spindles were usually less frequently seen. K complexes could be recognized, though of low amplitude, and often showed a phase reversal at each sphenoidal electrode.
Abnormal Activity.-The criteria of abnormality were similar to those generally accepted for scalp recording. A summary of the results obtained in 250 " sphenoidal " records obtained from 166 patients is shown in Tables I to V. The grouping is based on the number of records rather than on the number of patients, as 50 subjects had more than one record taken with this technique. In these cases variations in the amount, type, and lateralization of the E.E.G. abnormalities were often noticed. Seven of our patients had four and one had six records taken with this technique over a period of time ranging from two months to two years. In the 69 records with bilateral abnormalities at the sphenoidal electrodes one side was frequently more active than the other. The abnormalities were mainly represented by sharp waves or spikes, occasionally by slow waves. Local unilateral The site of the doubtful or definite abnormality was at the right sphenoidal electrode in 28 records, at the left one in 52 records, and at both in 69 recordq.
absence of barbiturate-induced fast activity in connexion with generalized discharges was considered an additional lateralizing sign of the abnormality (Pampiglione, 1952) .
The E.E.G. abnormalities recorded from scalp electrodes and those from sphenoidal electrodes were rarely synchronous. Very often two or more focal discharges could be seen from the sphenoidal and temporal scalp electrodes, even though usually only one appeared to contain the elements of shortest duration. In four cases, synchronized discharges appeared which were fairly constantly focal at the same time both at the sphenoidal and homolateral mid-temporal electrodes.
Bilaterally synchronous discharges at both sphenoidal electrodes were very rare indeed and only in two of the 69 records with bilateral discharges at the sphenoidal level was there a predominant bilateral synchrony. In all the others the discharges usually appeared independently on either side. The location and lateralization of the most active focus appeared to change in some patients and not in others when the record was repeated at intervals from a few days to a few months (Table II) . In many patients showing focal spike discharges from one temporal area no appreciable changes were recorded from the contralateral homologous region irrespective of the amplitude of the discharge. Very often large sharp waves or spikes recorded from sphenoidal electrodes were not represented by appreciable changes at the homolateral scalp electrodes (Fig. 3) , and in six patients the scalp E.E.G. appeared normal throughout ( Table IIl) . The converse was often seen.
In two patients with a history of episodic behaviour disorders, and doubtful seizures, generalized bursts of 3 to 4 c./s. bilaterally synchronous spike-and-wave complexes were recorded from scalp electrodes. These complexes were rarely seen, and then only of low amplitude, from the sphenoidal electrodes, often slightly asymmetrical though bilaterally synchronous. Small amplitude sharp waves or small spikes were seen in addition to, and independently from, the spike-and-wave bursts. In both patients these small independent discharges were seen at the left sphenoidal electrode only.
In (Fig. 4) sometimes there was no increase in the discharges and in three patients these disappeared during sleep.
In many cases the morphology and often the amplitude of the discharges changed during induced sleep even if the firing rate was not grossly changed. In four patients with unilateral discharges a contralateral independent discharge appeared during sleep (often even more actively firing than the original one) and disappeared again when the patient woke up. No bilateral synchrony was seen at any time in these cases.
During sleep and during the dozing state induced with either drug, sensory stimuli evoked various changes in the records. Apart from the appearance of normal changes (K complexes), a short or prolonged focal discharge followed the stimulus in some cases. In three patients with intense firing, however, the discharges ceased following the stimulus. In two cases unilateral focal discharges appeared only following sensory stimulation during sleep (Fig. 5) Although intravenous thiopentone offers greater opportunity than oral quinalbarbitone for the study of various levels of sleep (and this can be done more than once in a few minutes) either drug has advantages and disadvantages (Aungle, Mitchell, and Pampiglione, 1954) . Both have fairly similar effects on the E.E.G. No fits were induced by either drug in spite of the fact that occasional very intense firing was seen from one or more areas (Fig. 4) . The advantages of using drugs which safely induce a state of changed functional activity of the brain are considerable, particularly in contrast with " metrazol ". Discussion Technique.-The insertion of the needle electrodes is a surgical procedure, although a very minor one, and hence should be performed by a medically qualified person. As with all needle punctures, there would appear to be a minimal risk of sepsis but no infection has occurred in our series.
Slight pain accompanies the introduction of needle electrodes but is well tolerated by most patients. As mentioned above, local anaesthesia is hardly necessary, as the fine needle electrodes do not appear to cause more pain than the injection of the local anaesthetic. Some patients have complained of the local paraesthesiae that may follow the infiltration with local anaesthetic. A few patients complained of momentary severe pain along the jaw when the needle had almost reached its final position. We have presumed that this pain was due to the puncture of the mandibular nerve or its sheath as it ceased immediately the needle was withdrawn slightly. Deep infiltration with anaesthetic was avoided in contrast to the technique of Pertuiset and Capdevielle-Arfel (1951) and Jones (1951) as the preservation of pain sensation in the neighbourhood of the mandibular nerve may be a useful guide to the operator. In uncooperative patients we preferred to postpone the test rather than give a general anaesthetic.
We have been reluctant to apply this method in very restless and uncooperative patients and in young children. Similarly, we have also avoided investigating patients during a period in which they are having very frequent fits, as we were uncertain about the consequences of a fit with the needles in place. On two separate occasions one patient, a girl of 19, had a fit immediately after the insertion of one electrode and this was rapidly withdrawn by pulling the soldered lead. The insertion of the needle electrodes would seem to be dangerous only if one goes too far, when it would be theoretically possible to go behind and beyond the pterygoid laminae into the pharynx, or through the foramen ovale into the cavernous sinus and internal carotid artery. Though this would seem to require unusual enthusiasm, it must be remembered that should the foramen ovale be entered, its margin would then direct the needle. The length of our needle electrode is 5 cm. and the above-mentioned points would only seem to assume practical importance in an extremely narrow-faced subject or in young children. The insertion is a simple procedure, well tolerated by most patients, some of whom have had four or more investigations by this technique. Some have stated that they find it not so unpleasant as an injection of " cardiazol " or photic stimulation, and some (admittedly few) have said that it is preferable to the introduction of pharyngeal electrodes. There have been in our experience no sequelae and the investigation has been often done as an out-patient procedure and the patients allowed to go home by public transport, preferably accompanied by a relative, after a few hours' rest.
In only one case the insertion of the needles appeared very difficult on either side. In this patient the radiograph showed an exceptionally shallow mandibular notch; very little space was therefore available for the horizontal introduction of the needles under the zygomatic arch.
Reliability.-X-ray control pictures of the inserted electrodes were taken in 12 of our patients. The variability in the position of the tip of the needle was within 1 c.cm. from the margin of the foramen ovale in 11 people with average faces. In the twelfth patient, with an exceptionally broad and fat face, the tips of the needles fully inserted were 1 in. lateral to the aimed point, though their direction was correct.
In order to check how much variability in placement of sphenoidal electrodes could be allowed for reliable recording, two patients were selected. In both a well localized spike focus at the anterior temporal region was firing frequently. The needle electrode was withdrawn from the original placement in steps of I cm. while the record continued. No appreciable change in the shape, duration, or amplitude of the focal spike was noticed up to a withdrawal of about Ij cm. We consider, therefore, that a slightly imperfect insertion does not appreciably alter the possibility of reliable recording, although a total error of more than 2 cm. (laterally to the foramen ovale) may alter the interpretation of the E.E.G. findings.
Electrodes on the scalp of the fronto-temporal region or in the zygomatic region do not give reliable information on the activity of the inferior anterior temporal region. Electrodes were placed around the fronto-temporal and zygomatic region and their activity was compared with that recorded at the same time from the homolateral sphenoidal electrode (Fig. 6 ). Though some of the discharges were similar, others were different, suggesting that the activity recorded from the scalp was probably not coming from the same source as that recorded from the sphenoidal electrode.
The reliability of recording with this technique has been checked with direct recording from the exposed brain at operation under local anaesthetic in 13 of our cases. The comparison of direct corticography and sphenoidal records suggests that though the latter method is rather crude in comparison with the former, it gives fairly reliable information. It gives the possibility of differentiating cases in which the discharges are predominantly in the region of the uncus, the anterior part of the hippocampal and fusiform gyrus, or the temporal pole, from cases in which the discharges are predominantly on the lateral surface of the temporal lobe.
" Mirror Foci ".-In their recent book Penfield and Jasper (1954) define " mirror foci " as " transmitted disturbances from a cortical focus or area in one hemisphere to the homologous area of the opposite side.... The primary spike may be shown to precede that from the mirror focus by 5 to 10 or even 15 milliseconds ". They state also that the primary focal discharge is conducted over the principal commissural pathways directly to the opposite side (corpus callosum, anterior commissure, and commissure of the fornix).
In our series of cases the needle electrodes were always inserted on both sides and we could compare the activity of homologous areas in the anterior inferior aspect of the temporal lobe. In 69 cases the abnormalities recorded from the sphenoidal electrode were bilateral (Table V) . A close scrutiny of the time-relationships of the discharges from each side showed that simple spikes or sharp waves were very rarely followed by contralateral disturbances within a few milliseconds.
In addition in 80 records most of the abnormalities were unilateral (52 on the left and 28 on the right) and in these cases very rarely could any appreciable disturbance be detected at the contralateral homologous sphenoidal electrode when a spike or a sharp wave appeared on one side. The so-called mirror foci in the abnormal activity of the temporal lobe were therefore in our material very uncommon, at least if we limit the term to Penfield and Jasper's definition. Penfield and Jasper also state that " in some cases the spike and sharp waves from the mirror focus appear just as rapid as those from the primary focus. . . . Even more disturbing is the fact that there may be occasional discharges from the mirror focus which are not immediately preceded by a spike from the primary focus ". These conclusions raise the doubt as to whether and when it is justifiable to use the term mirror focus. In addition, if the definition of mirror foci proposed by Penfield and Jasper is used, such a phenomenon was very rare in our material, recording from both the lateral and the anterior inferior aspect of the temporal lobes.
Histological studies of the whole brain of epileptics who showed either unilateral or bilateral E.E.G. discharges in the inferior anterior temporal region might throw some light on this obscure problem. However, it may well be that the distribution of the electrical abnormalities has only an indirect and complex relationship with the distribution of the histologically demonstrable lesions. In the recent paper by Meyers (1954) there is an excellent discussion of the current premises underlying the approach to " the epileptogenic focus " and little at present can be added to it.
The variability in site and morphology of the E.E.G. abnormalities in many of our cases suggests that the demonstrable lesions may be only one of the factors related to the initiation and spread of abnormal electrical discharges.
Underlying Lesions.-Unilateral temporal lobectomy was performed by Mr. M. A. Falconer for the relief of epilepsy in 25 cases of our group and serial histological studies of the tissue removed were performed by Professor A. Meyer (Falconer, 1953; Meyer, Falconer, and Beck, 1954) . In the cases where a clear local pathology was found (scars, malformations, or small tumours), this was often in the neighbourhood of the area of maximal electrical abnormality. In other cases the lesions were not discrete.
The following case illustrates some of the problems met in this series of patients:
J.P., a man, aged 23, was admitted under the care of Dr. Denis Hill. He was right-handed. His birth and infancy were normal. Generalized convulsions began at the age of 2 years and continued infrequently until the age of 12. Then the patient began to have a short-lived feeling of terror, with a peculiar epigastric sensation and the feeling of a threatening person behind him and to his left. This would occur several times a day (up to 10 times). On other occasions these feelings might be followed by loss of awareness, swallowing movements, a far-away or frightened look, trembling of the hands, dribbling saliva, sometimes followed by automatic continuation of activities. On occasions he undressed himself. On other occasions he found himself in a place he did not know. If he had one of these attacks in front of somebody he would not dare to reappear in front of the same person. His attacks were not controlled by anticonvulsants, including a four months' trial of "mysoline ". He showed no abnormal neurological signs. A radiograph of the skull and an air encephalogram were within normal limits.
The first E.E.G. in May, 1950, showed focal sharp waves in the right fronto-temporal region. In September, 1951, some intermediate slow activity was seen over the right hemisphere without focal features. A sphenoidal record at that time showed a clear spike focus at the right sphenoidal electrode (Fig. 7) . This was more obvious when the patient was drowsy or asleep under quinalbarbitone (gr. 40). Further scalp E.E.G.s in November and December, 1951 , February and October, 1952 , and June, 1953 The interpretation of the clinical history sometimes changes in such patients according to the results of the various investigations. In none of these patients, however, did the history include definite epileptic seizures. " Sphenoidal" records were repeated in five of these 49 patients with a total of 54 records. In two repeats out of the five there was a difference between the first and second record, the abnormality recorded at the sphenoidal level being on both occasions unilateral at first and bilateral later.
Of these 49 patients nine (nine records) showed no E.E.G. abnormality either at scalp or sphenoidal electrodes. Fourteen patients (15 records) showed a doubtful abnormality from the scalp but none at the sphenoidal electrodes. In the remaining 26 patients (30 records) the E.E.G. was abnormal at either scalp or sphenoidal level or both. Definite, or doubtful, abnormalities from either one or both sphenoidal electrodes were recorded from 16 patients (20 records).
The lack of any definite history of seizures in these patients appears to introduce additional complications in the clinical evaluation of the E.E.G. findings.
In all the other patients with a definite history of seizures the E.E.G. abnormalities showed a good range of variability. A patient with seizures of the uncinate group may, or may not, show an E.E.G. abnormality only in the anterior inferior temporal region. It is also impossible at present to guess whether in any given clinical case the suspected E.E.G. abnormality will be unilateral or bilateral. In addition, the morphology of the electrical abnormalities recorded in the sphenoidal regions fails to show definite correlation with any particular type of " temporal lobe " seizure, at least in our present experience. In other words, there is no constant correlation between any particular type of clinical attack and the appearance of the E.E.G. abnormalities in the anterior inferior temporal regions. From repeated sphenoidal recordings of a few patients the electrical abnormalities seemed to vary in location and morphology in some, while in others very little change occurred over a period of many months.
We may conclude that this method of recording has given us valuable information about the activity of areas previously rarely explored. However, the gap between clinical and E.E.G. evidence and terminology is still very large. Summary A simple and safe method is described for the insertion of needle electrodes to the proximity of the foramen ovale (lateral approach) in order to
